The present study explores a novel approach for changing implicit attitudes toward drunk driving with behavioural training. Contrary to explicit attitudes, which people are consciously aware of and therefore can state, implicit attitudes are not necessarily consciously accessible; however, implicit attitudes also direct and affect behaviour. In order to combat problem behaviour such as drunk driving, it is, therefore, crucial to measure and target both types of attitudes. This randomised controlled study first measured implicit drunk driving attitudes. One week later, participants performed a behavioural training procedure, designed to influence implicit drunk driving attitudes, and a subsequent implicit drunk driving attitude test. We randomised young male participants into an experimental group that learned to avoid drunk driving stimuli and a control group performing a neutral version of the training setup. Results showed that behavioural training could change implicit drunk driving attitudes. However, contrary to expectations, the control group's implicit attitudes also changed. We propose that drivers can hold both positive and negative drunk driving implicit attitudes, and a priming effect may have contributed to the results. We outline and discuss the results.
Introduction
In road safety, one of the most salient problems is drunk driving. Drunk driving causes about 20% of all accidents in the Western world, and it can be up to 69% in low-income countries [1] . When drivers are asked to express their attitude toward drunk driving, they are overwhelmingly negative [2] . Thus, it seems that there is a mismatch between drunk driving attitudes and drunk driving behaviour. This mismatch might be because only explicit attitudes, i.e., what people explicitly say they believe, are measured; however, explicit drunk driving attitudes may not necessarily reflect drunk driving behaviour.
Because drunk driving is a socially stigmatised behaviour [3] , it is likely that drivers are unwilling to express their real attitudes. The true explicit attitudes toward drunk driving may indeed be negative, but implicit attitudes may drive drunk driving behaviour to a greater extent than explicit ones. Consequently, interventions based only on explicit attitudes might not target the attitude that directs the problem behaviour and, hence, the effect of the attitude intervention will be limited (e.g. [4, 5] ). Therefore, to get a more detailed understanding of the psychological processes behind problem behaviour in traffic, it is essential to look into both explicit attitudes (i.e. how drivers' conscious attitudes influence behaviour) and implicit attitudes (i.e. how drivers' unconscious attitudes influence behaviour) [4, 6] . Measurement of implicit drunk driving attitudes and testing complementary intervention methods also targeting implicit attitudes are thus crucial in road safety research.
Unconscious processes can direct behaviour without a person's conscious awareness [7, 8] . One way of tapping into these unconscious processes is measuring implicit attitudes. Contrary to explicit attitudes, which are introspectively accessible to the individual, implicit attitudes are 'introspectively unidentified (or inaccurately identified) traces of experience' ( [9] , p. 4).
Previous research has shown that implicit attitudes predicted spontaneous and stigmatised behaviour better than explicit attitudes, whereas explicit attitudes predict planned and deliberate behaviour better than implicit attitudes [10, 11] . Thus, when trying to combat problem behaviour, it is crucial to know which of the attitudes motivates the behaviour, i.e., if the behaviour is unplanned and a result of spontaneous, automatic activation of memory patterns or is deliberate and planned [9] . As implicit attitudes are not necessarily assessable through conscious inspection, we measured them with a Go/No-go Association Task (GNAT), which is a computer-based reaction time test. In the GNAT, participants associate groups of target attitude object, for instance, picture stimuli of drunk driving, with attribute stimuli, for example, good or bad words. Signal detection analysis estimates a coefficient of 'sensitivity' to the associations and is thought to provide insight into the participant's memory patterns and unconscious preferences (see [12] for detailed information). The association between drunk driving stimuli and bad words is usually higher than to drunk driving stimuli, and good words as the former is a more readily conceived association. The difference between drunk driving stimuli combined with good words and drunk driving stimuli combined with bad words suggests an implicit attitude toward drunk driving. Because implicit attitudes may be a useful measure of attitudes towards socially unacceptable behaviours like drunk driving that also may direct behaviour, it is important to develop measures and procedures to facilitate change in implicit attitudes.
There are different ways to influence and change the two types of attitudes. Conscious reflection and consideration influence explicit attitudes, while straightforward behavioural training may influence implicit attitudes. For example, a method known as the Approach/Avoidance Task (AAT) can influence implicit attitudes. To mask the real intention with the method participants are instructed to either pull the joystick towards themselves or push it away dependent on whether the picture presents in landscape or portrait formats. In reality, the algorithm is that the majority of pictures that are pushed away is drunk driving related. Participants push a joystick away (avoidance behaviour), or pulls it toward themselves (approach behaviour), whenever a specific attitude object is shown [13] [14] [15] [16] [17] . Approaching attitude objects by pulling a joystick toward oneself may influence the implicit evaluation of the attitude objects positively. Conversely, avoidance behaviours such as pushing a joystick away when shown the same attitude objects may influence the evaluation negatively [14] [15] [16] [17] [18] [19] [20] [21] [22] . Such 'pro/ counter-attitudinal movements' have shown to change implicit attitudes toward various concepts such as math, race prejudice and alcohol consumption [14] [15] [16] [17] . For example, Kawakami et al. [15] found that participants pulling a joystick toward themselves decreased prejudice as measured with an implicit attitude test, bolstering interpersonal behaviour observation included in the experiment.
To our knowledge, this is the first study in the field that aims to 1) explore drivers' implicit drunk driving attitudes and 2) to test whether the application of the AAT can influence those attitudes, thus broadening the current understanding of the inconsistency between drunk driving attitudes and drunk driving behaviour.
The study design is experimental, with young males randomised into an experimental or control group. We pre-tested implicit drunk driving attitudes with the GNAT [12] , altered implicit drunk driving attitudes with the Approach-Avoidance Task (push/pull pictures with the joystick) in the experimental group, and used the GNAT to post-test attitudes. The control group performed a neutral version of the AAT, moving the joystick from side to side. We choose young male participants, as they are overrepresented in accidents statistics [23] [24] [25] [26] . We hypothesize that the AAT can alter implicit drunk driving attitudes in similar ways as shown in previous AAT studies (e.g., [14] [15] [16] [17] ).
Materials and method

Participants and procedure
The participants were 57 male students between 18 and 31 (mean age 22.6) years old holding a drivers licence for a private car that we recruited on campus, or via a university Facebook page. We performed no formal power analysis, but the sample size is comparable with other relevant studies of the same methodological concepts (e.g., [15] = 44; [12] = 11; [17] = 42), In addition, since it is a clean experimental within-subject design (pre, − vs post-test implicit attitudes), not many participants was needed [27] . Participants completed the online pre-test GNAT to measure implicit attitudes toward drunk driving. One week later, they performed the AAT and the GNAT post-test in the lab. The study did not need an ethics statement, because according to the Danish law no ethical statement is needed for studies that do not use physiological measures, or invasive methods, which this study did not use. Participants were briefed and informed that they were free to leave at any time if they want to terminate their participation and they consented orally to participate. The data are anonymous and treated confidentially. We rewarded the participation with a gift card for brunch for two people.
The go/no-go association task
In the middle of the computer screen, our Go/No-go Association Task (GNAT) program presented either a picture or a word. Pictures were categorised as either showing a 'Dangerous' or a 'Not dangerous' traffic situation, or as neutral or not related to traffic. Pictures in the 'Dangerous' category were of situations particularly intended to elicit associations to drunk driving. Words were categorised as having either a 'Good' (e.g. beautiful) or a 'Bad' (e.g. vomit) meaning to it. The neutral traffic pictures were just fillers included to mask the purpose of the study and were not included in the analysis (for more information see [12] ). Figure 1 describes the principles of the GNAT.
For each of two experimental reaction time thresholds (750 and 600 milliseconds), a picture or a word were presented in random order in four blocks of 74 trials. The four 750 ms blocks ran before the four 600 ms blocks, but the order of the blocks was random within each threshold. This procedural variation ensures good reliability and is a particularly conservative strategy [12] .
Between every block there were interleaved four different instruction pages that prompted a 'Go' response (pressing the spacebar) if the participant perceived the picture and word stimuli respectively as a) 'Dangerous'
If the stimuli were not of the instructed attribute or value, no response ('No-go') should be given during the respective block. The participant manually started every block run from the respective instruction page. After a block had started, it ran without a break, until the next instruction page.
Performance on the GNAT is defined within a signal detection framework as the d-prime coefficient calculated from the pooled hit and miss ratio for the two thresholds. The d-prime indicates the sensitivity toward the respective combinations of pictures and words. For example, if the participant performs better, with more hits and fewer misses, to the combination of 'Dangerous' and 'Bad' , it suggests that it is less conflicting to assess drunk driving pictures with the bad attribute simultaneously.
The participant is prompted to press the spacebar (GO response) if the stimuli appearing on the screen is a word with a BAD connotation to it or a picture that they associate with DANGEROUS, both the situations above should correctly elicit a space bar press (a HIT).
Failing to respond would be a MISS. Pressing the space bar when e.g. a neutral, not drunk driving related picture, or a GOOD word is presented would represent a FALSE alarm, and not pressing the space bar in such a situation would be a CORRECT rejection. All permutation are presented in separate blocks with its own instructions: GOOD/ NOT-DANGEROUS, GOOD/DANGEROUS, BAD/NOT-DANGEROUS, BAD/DANGEROUS. DANGEROUS is represented by drunk driving related pictures. NOT-DANGEROUS is represented with neutral pictures. Neutral pictures are only filler stimuli that is not used in analyses. All combinations are presented in separate blocks with both 750 ms and 600 ms thresholds. Sensitivity, D-prime, is calculated from the pooled HIT/MISS ratio from the two thresholds from the combinations GOOD/ DANGEROUS vs. BAD/DANGEROUS, respectively.
The approach/avoidance task
The Approach/Avoidance Task (AAT) is a method previously shown to change implicit attitudes [14] [15] [16] [17] . The AAT works by pushing or pulling a joystick following instructions regarding stimuli shown on a computer screen. A joystick push represents avoidance behaviour whereas a pull represents an approach to behaviour. See Fig. 2 for an overview of the AAT setup.
In our study, participants in the experimental group were instructed to push the joystick when a picture in 
landscape respectively portrait format appeared on the screen. The format was counterbalanced. The program then presented both drunk-driving related, neutral traffic-related pictures, and filler pictures with other content to mask the purpose. The drunk-driving related and the neutral traffic pictures were identical to the pictures used in the GNAT. Unknowingly to the participants, and in addition to the format masking, 90% of the traffic pictures that appeared in which they were instructed to push the joystick away (avoid movement) were drunk driving-related pictures interleaved with 10% neutral traffic pictures and non-traffic related pictures. The intention is to strengthen the participant's propensity to avoid drunk-driving related stimuli.
In the control condition, the instructions were to move the joystick to the left or the right depending on picture format; that is, neither approach nor avoidance movements. Immediately following the AAT task, the participants completed a post-test GNAT measure identical to the pre-test GNAT.
The participant is prompted to push or pull the joystick if the picture appearing on the screen is in a randomly instructed format: landscape or portrait. As 90% of the pictures in the respective 'push-format' is, unknowingly to the participant, drunk driving related, the bulk of pictures pushed away is drunk driving related. Ten per cent of pictures interleaved is neutral to drinking and driving to mask the relation between the joystick direction and the picture content. Conversely, the 'pull-format' sequence contains 90% neutral pictures and 10% drunk driving related pictures. Pictures in the 'push-format' diminishes in size on the screen until it disappears after pushing 1000 ms. Pictures in the 'pull-format' increase in size.
Analysis
To account for the repeated measures in a common model with the experimental conditions, we ran a mixed one/way ANOVA, within the GLM suite of SPSS 24. As the hypothesis was that the AAT procedure would change the implicit evaluation of drunk driving, we modelled the experimental condition as a between subjects (BS) factor and the repeated pre-post measures as a within-subjects (WS) factor. The model also includes tests for interaction between the BS and WS factors.
We submitted separate sensitivity indices derived from the GNAT-blocks that included drunk driving pictures (i.e., the combinations drunk driving -Good and drunk driving -Bad).
GNAT performance was analysed within a signal detection framework, based on recommendations from the literature (e.g. [12] [13] [14] [15] ), using d prime as the estimate of sensitivity.
Results
Of 57 participants, 30 were in the Avoid condition. As Table 1 shows, all the means increased from pre-to post measures. This main effect was statistically significant (F = 16.7, p < .001) and explained~23% of the variance in the model. Mauchly's test and Levene's test suggested no violation of sphericity or error variance assumptions. Furthermore, as can be seen in Table 2 , both the avoid group and the control group saw a significant increase in their sensitivity to this combination of drunk driving and bad words with a corrected significance of (p = .13 and p = .002, respectively). This means that the control group also significantly increased their post-test performance on the evaluation representing a preferable (negative) implicit attitude toward drunk driving. Figure 3 demonstrates that the change is comparable and the random variance and interaction is negligible.
As for the drunk driving and good stimulus pairs (which is the less preferred combination to be sensitive to) all means do indeed increase from pre-test to post-test (see Table 3 ). However, for this combination, the increase is only statistically significant for the avoid group. This is illustrated in Fig. 4 with the noticeably steeper pre-post slope in the Avoid group. The interaction effect between the groups is not significant in any of the groups.
Discussion
Participants in both the experimental (pushing away the joystick) and the control condition (sideways movements) in the AAT, significantly increased their sensitivity to the association between drunk driving related picture stimuli and negative word stimuli. Sensitivity to the association between drunk driving pictures and positive words also significantly increased, but only for participants in the experimental condition. Before the procedure, the participants in both conditions were significantly more sensitive to the association of drunk driving pictures with bad words compared to drunk driving and good words.
The fact that both experimental and control condition increased the sensitivity to drunk driving pictures and good words may suggest that the method of implicit learning worked, but that the control condition had flaws. The increase in sensitivity of the drunk driving and good words association in the experimental condition may express that the method worked primarily as a primer leading to a general increase of sensitivity. As this study is exploratory of this novel approach to influencing of automatic attitudes towards drunk driving, we will delineate the possible explanations, and propose possible amendments for further research.
First, the fact that the side-to-side joystick movements also increased sensitivity to the drunk driving pictures paired with bad words may indicate a detectable positive learning or priming effects [28] emerging regardless of the direction of the joystick movement. Physiologically however, the difference between pushing the joystick and the side-to-side movements are minute. For instance, for a right-handed participant a left movement would primarily activate flexor muscles in about the same way as would a pull at the joystick and proprioceptive have be perceived as pulling. Conversely, a right movement utilise extensor muscles, and may mimic the push in the experimental conditions we did not differentiate between left and right directions in the collected data. However, this common method variability is a matter of speculation at this point. Possible amendments to the control condition to delineate this in further research is proposed in 'Limitations and Implications for Future Research' below. Secondly, the experimental condition increased sensitivity to both the drunk driving is bad association and the drunk driving is good association. This may indeed be a result of a stronger general learning effect in the experimental conditions the drunk driving is good association is weaker initially. Pushing the joystick increase sensitivity to both positive and negative association to drunk driving may also have to do with how the movement is perceived. The push, meant to represent avoiding, might just as well be perceived as reaching for it.
Thirdly, people may simultaneously hold both positive and negative attitudes toward the same attitude object (e.g., [29, 30] ). Like sweets are both fattening and good to eat, smoking is both pleasurable and dangerous, drunk driving may be pleasurable or accepted but is also dangerous. In Denmark it is allowed to drive with up to 0.5 per mille blood-alcohol concentration, meaning that it is (depending on factors as metabolism and weight) legal to drive after consuming about one to two units of alcohol. As drinking is generally perceived as positive, and may be ensued by a perfectly legal and acceptable drive home may introduce a dual, or graded, attitude pattern towards drunk driving ('It is okay to drink a bit and then drive), but not to drink a lot and then drive. Such an interpretation is bolstered by studies of implicit evaluations and the dual nature of alcohol-related attitudes [29, 30] . Wiers and colleagues [29, 30] showed that the participants held both arousing and calming associations to alcohol. Relating to our study, it seems that depending on the amount of alcohol suggested to be involved participants may hold both positive and negative implicit and explicit drunk driving attitudes.
Limitations and implications for future research
Our sample of only young male students restricts the generalizability of the results to other driver groups. This demographic, more than older driver groups, may have more ambivalent attitudes toward drunk driving because of, for example, greater willingness to take risks than other demographic groups. Future research should thus explore the change of implicit attitudes among other demographics, ideally also drunk driving offenders. To delineate the priming and learning effects from the effect of the behavioural training, the complex sideways hand movements in the control condition should be replaced by a control condition wherein the participant passively views the AAT program running on the screen. Ideally, a third condition should be an 'approach' condition where the participant pulled the joystick towards her, but that would introduce unacceptable ethical issues if it actually increased the participants propensity for drunk driving.
Whether the forward motion of the joystick represents pushing away or stretching out may be disentangled by explicitly explaining the intended evaluation of the motion. A push movement may be validated by exclaiming a 'no', 'yes', or simply 'I want this' alongside the joystick movement. Multiple modes of behaviour like exclamations have proven effective in other research (e.g., [13] ).
Finally, a mixed model, taking into consideration the random effects of priming, learning, and behavioural training may also answer some of these speculations, but require considerably higher statistical power. A larger sample would also allow for investigating potential subgroups interpreting the movements differently.
Conclusion
The AAT seems to make already negative attitudes towards drunk driving more negative. However, after this exploratory first attempt of applying implicit learning methods to attitudes of drunk driving, it is crucial that further studies investigate and delineate the magnitude of methods variance, priming effect, and confounding from general learning effect. The method has potential benefits for influencing implicit attitudes, which is thought to be crucial to predict behaviour in socially sensitive realms, but more robust methods for implicit attitude change should be explored by the inclusion of additional behavioural component in the learning procedure to strengthen and validate it. Replication of the findings among other samples than young male drivers, such as age, gender and educational level, and participants that have already been driving under the influence of alcohol or drugs would be of interest.
